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[57] ABSTRACT 

The transducer diaphragm includes a folded sheet of 
thin film material, having a front surface and having a 
plurality of rearwardly extending projections in the 
form of fins or vanes thereon. Each one of the projec- 
tions has at least one conductor portion disposed 
thereon. A substantially flat, thin sheet is secured to 
form the front face of the diaphragm and to help rigidify 
the folded sheet. In the preferred form of the invention, 
each one of the projections is generally channel-shaped 
throughout its length, and has a bight portion intercon- 
necting a pair of leg portions. In one form of the inven- 
tion, at least one portion of a conductor is disposed on 
each one of the projections. The diaphragm is made 
from a blank, which includes the sheet of film material 
having a pair of similar conductors, each configured in 
a similar manner and deposited on the opposite sides 
thereof in an oppositely disposed confronting relation- 
ship and in registration with one another, so that the 
blank can be readily folded to form the diaphragm, 
without causing it to bow or otherwise be deformed. 

13 Oaims, 9 Drawing Figures 
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there is very little space for such additional conductors. 

ELECTRO-ACOUSTIC TRANSDUCER WITH Ako. such a construction is very expensive to manufac- 

DIAPHRAGM AND BLANK THEREFOR ture. 

In order to obtain good high frequency response, it 

DESCRIPTION ^ 5 would be necessary for the speaker diaphragm shown in 

1. Technical Field U.S. Pat. No. 3,1 71,904, to have a much greater number 
The present invention relates in general to an electro- of conductors for a given area to provide adequate 

acoustic transducer with a diaphragm and a blank there- electromagnetic energy, and to attain the desired impe- 

for, and it more particularly relates to such a transducer dance. In this regard, the current industry standard is a 

with a substantially planar diaphragm and a blank there- resistance of between four and eight ohms, to accomo- 

for. for greatly increased performance. date standard amplifiers. 

2. Background Art Alternatively, the patented diaphragm could be con- 
There have been different types and kinds of electro- nected in series with a large number of similar sized 

acoustic transducers. Such a transducer may be a loud- units to devdope a suffident electrical resistance to 

speaker or a microphone. Each one includes a movable produce the desired impedance. However, such an ar- 

diaphragm, which interacts with the surrounding atmo- rangement would be highly unsatisfactory for many 

sphere to either produce sound waves, or to be set into applications, since there would have to be an unaccept- 

motion by sound waves. As will become apparent to ably large number of such speaker diaphragms con- 

those skilled in the art, the present invention relates to nected in series. The only other alternative would be to 

both types of electro-acoustic transducers. However. 20 ^^^^^^^ ^ resistor dectrically in series with the voice 

for the sake of danty. only loudspeakers will be shown coil to provide the proper resistance. However, such an 

and described herem. approach is usually not satisfactory, because the resistor 

Conventional conically-shaped loudspeakers^ by the „,erdy dissipates the dectricd signal without using it. 

very shape oHhe cone prcKiucesdis^^^^ ^ ^^^^ j opera^on. 

rif?l ^^^^ ^7 ^u"^"" V^^ connecting the resistor in series, if ^ unit 

ity effec ^Sound propagating from the speaker cone is f^j, ^^e entire unit would malfunction. Such an ar- 

not emitted uniformly from the surface thereof, because ' ui^ui * r * r 

sound waves emitted from the central portion of the r.?/h^^„lKH^ °h T^ 

cone are out of phase with the sound waves emitted ^^^"^'^^^cause the additional speaker diaphragms con- 

from the peripheral portions thereof. The latter sound 30 nected in series would add greatly to the bulk, size and 

waves travd a shorter distance from the diaphragm to "^"Sht of the speaker system, and certainly would be 

the listener, as compared to the waves emitted from the Pro^i^'t^vdy expensive for most applications. 

central portion of the cone. Probably, the most serious drawback to the use of 

There have been a variety of louspcakcr construe- expanded polystyrene, is the inherent spongy, nonrigid 

tions, some of which have been designed in such a man- 35 Property of the material. Such material does not lend 

ner so as to attempt to overcome this problem. For conduction of high frequencies, 

example, reference may be made to the following U.S. 4,276,449, discloses a transducer 

Pat. Nos.: 3,164,686; 3,171,904; 3,922.504; 3,939,312; diaphragm constructed of a sheet of thin film material 

3,997,739; 4,056,697 and 4.276,449. folded into an elongate arcuate corrugated shape. Cur- 

The U.S. Pat No. 3,171,904, discloses a loudspeaker 40 rent carrying conductors are positioned on both sides of 

having a diaphragm constructed for the purpose of *® ^'^P* positioned at the troughs of the folded 

attempting to eliminate distortions by providing a diaphragm, to extend between spaced apart perma- 

speaker diaphragm, which has a generally planar or flat "^^t magnet rods. 

face, so that the entire surface moves in an oscillatory However, the series of elongate peak portions of the 

manner by substantially the same distance during use. 45 diaphragm present an uneven front surface. Thus, they 

An attempt was made to have substantially all sound fail to achieve the desired effect of having substantially 

waves emanating therefrom in phase with one another, ^ of the sound waves, emanating therefrom, to be in 

thereby reducing distortion. phase with one another for the purpose of greatly re- 

The loudspeaker diaphragm construction, shown and ducing, or eliminating distortion, 

described in U.S. Pat. No. 3,171,904, is constructed of 50 Also, the elongate peaks and troughs are not secured 

expanded polystyrene to render it relatively light in together, or otherwise supported, except at the side 

weight. However, such a material is not sufficiently edges of the folded film, thereby resulting in a flimsy 

rigid, and therefore the high frequency response is not structure. Thus, the troughs and the conductors thereon 

at all satisfactory for many applications, are not securely positioned in alignment with the mag- 

The expanded polystyrene diaphragm has electrical 55 netic structure. As a result, during the rapid movement 

voice coils imbedded therein for coacting with a mag- of the diaphragm relative to the magnet rods, sideward 

netic field. The diaphragm is in the form of a solid block movement of the troughs is possible, and hence, the 

of polystyrene material, having grooves or slots therein desired precise magnetic interaction between the cur- 

to define a series of projections, each having a voice coil rent carrying conductors on the diaphragm troughs and 

conductor at the tip thereof. The conductor coacts with 60 the magnet rods, can not be achieved, for some applica- 

the magnet assembly to drive the diaphragm. However, tions. 

in order to reduce the weight of the diaphragm to an Additionally, the conductors are positioned on both 

acceptable low level and to allow suitable attachment, sides of the film out of phase with one another, so that 

there is a single voice coil conductor on each projec- when the thin film is folded, it tends to buckle or bow, 

tion, and a single conductor does not provide adequate 65 and thus not achieve the desired proper alignment with 

resistance properties, as wdl as efficiency, for some the gaps between the magnet rods, 

applications. Also, it is difficult, if not impossible, to add Therefore, it would be highly desirable to have an 

additional conductors with such a construction, since electro-acoustic transducer having a diaphragm which, 
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when used as a speaker, greatly reduces, if not mini- 
mizes, speaker distortion, and yet is highly efficient in 
operation. In this regard, it should be sufficiently light 
in weight, and yet have the capability of including an 
adequate number of voice coil conductors, to obtain 3 
satisfactoxy impedance characteristics. 

Such a diaphragm should be substantially rigid, to 
maintain proper alignment of its conductors with its 
magnetic structure during use. Also» such a speaker 
diaphragm should be relatively less expensive to manu- lO 
facture. 

DISCLOSURE OF IlSrVENTION 

Therefore, the principle object of the present inven- 
tion is to provide a new and improved electro-acoustic 15 
transducer with a diaphragm and a blank therefor, 
which greatly reduces transducer distortion, and pro- 
vides accurate reproduction with efficient operation. 

Another object of the present invention is to provide 
such a new and improved electro-acoustic transducer 20 
with a diaphragm and a blank therefor, wherein the 
diaphragm is relatively light in weight and yet includes 
a large number of conductors, and which is relatively 
inexpensive to manufacture and is structurally strong. 

Briefly, the above and further objects of the present 25 
invention are realized by providing an electro-acoustic 
transducer with a movable diaphragm and a blank 
therefor, which is generally flat in configuration. 

The transducer diaphragm includes a folded sheet of 
thin material, having a front surface and having a plural- 30 
ity of rearwardly extending projections in the form of 
fins of vanes thereon. Each one of the projections has at 
least one conductor portion disposed thereon. A sub- 
stantially flat, thin sheet is secured to form the front face 
of the diaphragm and to help rigidify the folded sheet. 35 
In the preferred form of the invention, each one of the 
projections is generally channel-shaped throughout its 
length, and has a bight portion interconnecting a pair of 
leg portions. 

In one form of the invention, at least one portion of a 40 
conductor is disposed on each one of the projections. 
The diaphragm is made from a blank, which includes 
the isheet of film material having a pair of similar con- 
ductors, each configured in a similar manner and depos- 
ited on opposite sides thereof in an oppositely disposed 45 
confronting relationship and in registration with one 
another, so that the blank unfolded is stable and does 
not tend to roll up or distort in form due to the stresses 
posed by conductor application, and can be readily 



build-up is one of the main reasons for the malfunction- 
ing of conventional loudspeakers, since heat causes the 
voice coil conductors to de-laminate from the bobbin 
which is attached to the cone of the diaphragm. In this 
regard, the adhesive oftentimes melts, as a result of the 
increased temperature, esp>ecially when the loudspeaker 
is driven excessively due primarily to lack of adequate 
air circulation. Whereas, in the inventive loudspeaker, 
air is moved past the conductor and is vented through 
gaps in the magnet assembly, for cooling purposes, so 
that as the diaphragm oscillates, air is drawn into and 
out of the space around the conductors for cooling 
purposes. The harder the diaphragm is driven, the more 
the diaphragm*s motion removes heat from the unit. 

Also, the diaphragm coacts electromagnetically with 
permanent magnet structures, which are distributed 
uniformly over the rear face of the diaphragm to pro- 
vide for a uniform response. The loudspeaker employ- 
ing the inventive diaphragm, is a full range loudspeaker. 

When the inventive diaphragm is used in a loud- 
speaker, the lightweight construction, with a large num- 
ber of current carrying conductors, provides a superior 
response at high frequencies. Also, the channel-shaped 
configuration of the projections, together with the sheet 
secured to it, render the resulting diaphragm suitably 
structurally strong mechanically, to help maintain the 
series of spaced-part conductor-carrying projections in 
accurate alignment with the permanent magnet pole 
piece gaps of the magnet assembly. 

BRIEF DESCRIPTION OF DRAWINGS 

The above-mentioned and other objects and features 
of this invention and the manner of attaining them will 
become apparent, and the invention itself will be best 
understood by reference to the following description of 
embodiments of the invention taken in conjunction with 
the accompanying drawings, wherein; 

FIG. 1 is a fragmenary sectional view of an electro- 
acoustic transducer in the form of a loudspeaker, which 
is constructed in accordance with the present invention; 

FIG. 2 is a greatly enlarged, fragmentary detail sec- 
tional view of one portion of the diaphragm of the loud- 
speaker of FIG. 1, illustrating it in position in a gap of 
the driver magnet assembly; 

FIG. 3 is a pictorial view of the loudspeaker dia- 
phragm of FIG. 1, illustrating the underside thereof; 

FIG. 4 is a fragmentary sectional enlarged elevational 
view of the end portion of the diaphragm of FIG. 3; 
FIG. 5 is a partly schematic face view of a fUm blank 



folded to form the diaphragm, without causing it to 50 of the diaphragm of FIG. 3, . prior to its fmal folding. 



bow or otherwise be deformed. 

By employing the lightweight film material, many 
more conductors can be readily deposited thereon to 
provide for high efficiency in the use thereof, as com- 
pared to prior known diaphragms. Thus, a highly desir- 
able response is achieved, since the novel diaphragm is 
composed of lightweight materials and yet has a large 
number of conductor portions thereon. In this regard, a 
plurality of conductor portions are preferably disposed 



illustrating the blank vnth a portion thereof broken 
away to show the conductors being shown schemati- 
cally as lines for illustration purposes; 
FIG. 6 is a fragmentary, sectional pictorial view of a 
55 portion of another electro-acoustic diaphragm, which is 
also constructed in accordance with the present inven- 
tion, which incorporates corrugations in the top thereof 
contiguous to the pinched projections thereof; 
FIG. 7 is a fragmentary, sectional elevational view of 



on both the inside and the outside of each projection to 60 a portion of another electro-acoustic diaphragm, which 



enable the diaphragm material to remain flat in an un- 
folded state, and have a large number of passes of the 
conductor portions relative to a magnet assembly, when 
the transducer is an electro-dynamic loudspeaker, dur- 
mg the use thereof. 

The lightweight flat diaphragm of the present inven- 
tion functions as.a heat pump by forcing air around the 
conductors, so as to cool the unit during use. Heat 



is also constructed in accordance with the present in- 
vention; 

FIG. 8 is a fragmentary, sectional pictorial view of a 
further electro-acoustic diaphragm, which is abo con- 
65 structed in accordance with the present invention; and 

FIG. 9 is a fragmentary, sectional pictorial view of a 
further electro-acoustic diaphragm, which is also con- 
structed m accordance with the present invention. 
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BEST MODE FOR CARRYING OUT THE throughout their lengths. The vanes or fins 35 extend 

INVENTION rearwardly toward the magnet assembly 14. 

As shown in FIG. 2, a series of inner voice coil con- 
Referring now to the drawings, and more particu- ductor portions, such as the conductor portions 36, 37 
larly to FIGS. 1» 2, and 3 thereof, there is shown an 5 and 38, arc deposited on one side of the film blank 34 
electro-acoustic transducer in the form of an electro- and are disposed on the inside of the vanes, such as the 
dynamic loudspeaker 10, which is constructed in accor* vane 35. A series of outer voice coil conductor portions, 
dance with the present invention. such as the conductor portions 39, 40 and 41, are depos- 
The loudspeaker 10 generally comprises a rectangu- ited on the opposite side of the film blank (FIG. 5) in 
lar diaphragm or membrane 12, which coacts electro- 10 registration with the corresponding respective conduc- 
magnetically with a series of pole piece gaps 13 of a portions 36, 37 and 38, and are disposed on the out- 
magnet assembly 14 (FIG. 1), A housing or baffle frame side of the vanes, such as the vane 35. 
16 supports the diaphragm 12 movably across an open- A.s shown in FIGS. 1 and 2, the magnet assembly 14 
ing 17 therein, in front of the magnet assembly 14. In generally comprises a series of magnets, such as magnet 
this regard, a pair of flexible surround (suspension) which are arranged in a side-by-side configuration, 
strips 18 and 20 extend transversely longitudinally from, which are permanent magnets each having its north 
and are connected to, the opposite side marginal edges south poles oriented as indicated in the drawings, 
of the diaphragm 12 and a pair of elongated gasket strips shown in FIG. 1, adjacent portions of the magnets 
22 and 24 are connected at their side marginal edges to ^^^^ polarity. Each one of the driver magnets has a 
the respective surround strips 18 and 20 for connection P^^'' of elongate steel pole pieces disposed on the oppo- 
to the frame 16. Each one of the gasket strips 22 and 24 ^^^^ ^^^^ thereof, such as the magnet pole pieces 44 and 
includes a series ofintcgralspaccd-apart finger tabs 22a '^^ disposed on the opposite sides of the permanent 
and 24^r, respectively, to facilitate the positioning of the "^^gnet 42, to form a scries of parallel spaced-apart gaps 
gasket strips, and therefore the diaphragm and projec- receiving the vanes 35 of the diaphragm 12 there- 
tions P, relative to the magnet assembly gaps 13 between. 

mounted behind an opening 17 within the driver frame diaphragm 12 oscillates and thus the 

16, during the assembly of the loudspeaker. As shown in ^^^^ ^?"«'^"^»"ally withm the pole pice gaps 

FIG. 3, a pair of flexible spider connector strips 26 and ^ ?^ dynamic electromagnetic interac- 

28 extend transversely from the end marginal edges of ^^^n between the current carrymg conductor portions 

the diaphragm 12 and interconnect them to the respec- ^f*^.**^ permanent mapet pole pieces, 

tive ones of a pair of generally rectangular end mount- Itf.^? L°?5!,^^^^^^ 

ing blocks 31 and 33. which, in turn, are adapted to be ^"^^^ backing sheet 32 also causes air to be displaced 

attached to the frame 16 at the opening 17 therein. he^Th^nffn V^^'^'^rf^'^rTT '^^'"'''J^ 

As best seen in FIG. 1. a front surface 29 of a folded « l^I^P' ^^'^l^' "^^t'^^'T 

sheet 34A is formed by a series of substantially fiat &f^f P^^^B ^<^^ori of iht d^^^^^ 

portions 30 interconnecting integrally a series of Ja^^- ^^l^'S °/ 

com™ Thr.o rf '''^^ ^^""^l^ p ^P^^^y ^here it is driven beyond desired 

'^^"^'''^ projections P 40 ^/3i„^g / applications (such as automo- 

Z u P^Tr T^"' T ^^^«) temperatures are high. " 

de'Sid sJi^d waves '^"^ ''''^'^"""^ " 1' 

oesirea souno waves. ^^^^^ 2q ^ ^ 

veSrsubs^^^^^^^^ toniT'f ' w P'^^« « 51 clamp the respective gX 
^hf nm^^tln^^^^^ the longuudinal axis of 45 ^^rips 22 and 24 to the frame le, and screws 53 and 55 

hf/Z ch?^^^ s^eet 32 ,s m the form of a fasten the strip bars to the frame 16. As shown in FIG. 

th n film sheet, which overiies and is secured to the 3, screw notches 57 and 59 in the respective mounting 

mtercomjecting portions 30 to help ngidify the projec- blocks 31 and 33 receive the mounting screwfcm^^ 

itVrwt^^^^^ '^!^J^'^'^t ^^^^.t^ T ^ 2» each one of the projections P 

able It to function with little distortion throughout the has a pair of leg portions 60 and 61 interconnected at 

^^^J[^T^L ^ ♦ • . '"^^ ^ P°rt»0" leg portions 

The sheet 32 is affixed to the interconnecting por- are disposed transversely, substantially at right angles, 
tions, which provide substantial surface areas of attach- 55 to the bight portion 62. It should be noted that the inner 

ment so as to securely attach the sheet 32 to the sheet and outer conductors 37 and 40 are disposed directly 

34A and its projections P. In this matter, the sheet 32 opposite to one another, on opposite sides of the bight 

remains substantiaDy flat dimng use, to provide the portion 62. The conductors 38 and 41 are disposed on 

dcared frequen^ response cAawc^ opposite sides of the leg portion 60, and the conductors 
As shown in FIG. 5, the diaphragm 12 (HG. 1) gen- 60 36 and 39 are positioned on opposite sides of the leg 

erally comprises a Wank 34 which includes the rectan- portion 61. 

gular sheet 34 A of the thin film material, and which, Considering now the film blank 34 in greater dctaD 

^or to Its folding, is substantially fiat in configuration. with reference to FIG. 5. the blank 34 is formed gener- 

ITie assembly of the diaphragm 12 includes the folding ally of any suitable high temperature group of thermo- 
of ttie blank 34 to form the senes of longitudinally ex- 65 plastic blend material. The preferred material is polysul- 

tending spaced-apart, parallel projections P in the form fone, such as the polysulfone sold under the trademark 

of VMies or fins 35, which are each elongated and chan- '^Udcl" by Union Carbide of Danbury, Conn. Other 

nel-shaped and generally U-shaped in cross-section suitable compositions include "Ultem" by General 
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Electric Company; "Polyether Sulfone" (polyphenyl 
sulfohe), sold by Imperial Chemical Industries, and 
"lUder* (polypheny! sulfone) sold by Union Carbide. 
Also, suitable polycarbonates, such as "Lexan" sold by 
General Electric Company, may be employed. Polyi- 
mides may aiso be employed. 

In general, the high temperature thermoplastic mate- 
rial should have a relatively high glass transistion tem- 
perature pointy as well as a a relatively high heat deflec* 
tion temperature. In this regard, the sheet 34A is an* 
. nealed and. formed to the desired shape. In order to 
maintain the desired' shape, during high temperature 
operation and even in elevated ambient temperatures^ 
which can occur when the loudspeaker is employed in 
a closed vehicle parked in the sun, the annealing tem- 
perature should be preferably in the range of about 300* 
F. and 375* F., and preferably about 330* F. when the 
polysulfone "Udel" is employed. However, it is to be 
. understood that the materials having lower annealing 
temperatures may also be employed satisfactorily, but 20 
the foregoing temperature range is preferred as well as 
higher temperatures for other materials. The sheet has a 
thickness of about 3 Mils., and the conductors are about 
1 Mil. in thickness. 

The sheet 34A includes a conductor pattern, gener- 
ally mdicated .at 67, deposited on the front side of the 
sheet 34A, interconnects a pair of terminals 63 and 65 
electrically. A like mirror-image conductor pattern, 
generally indicated at 67A, is deposited on the back side 
of the sheet 34A disposed oppositely to, and in registra- 
tion with, the conductor pattern 34 on the front side 
thereof. In this manner, the sheet 34A has a greater 
tendency to lie flat and not be warped, thereby greatly 
facilitating the folding thereof into the desired shape, as 
well as facilitating the storage of the blanks. After fold- 
ing it along the longitudinal conductors into the shape 
as shown in FIGS. 1 and 3, the folded sheet 34A as- 
sumes the desired shape, with little or no bowing from 
end to end. It has been found that if the two conductor 
patterns are not disposed in registration with one an- 
other, the folded sheet becomes bowed from end to end, 
or is otherwise warped. 

The conductor patterns 34 and 34 A are connected 
electrically together in parallel. In this regard, the ter- 
minals 63 and 65 of the pattern 34 and corresponding 
terminals (not shown) of the pattern 34A on the back 
side of the sheet 34A are connected electrically. As 
shown in FIG, 4, a terminal wire 63A is soldered to the 
terminal 63 and its corresponding terminal on the re- 
verse side of the sheet 34A, since the solder and the 50 
distal end of the wire 63 A or an eyelet (not shown) 
extend through a hole in the sheet 34A. Similarly, a 
terminal wire 65A is connected electrically to the termi- 
nal 65 and the corresponding terminal of the conductor 
pattern 67A. 

The conductor pattern 67 is a replicated Greek pat- 
tern and includes a transversely extending portion 69 
integrally connected electrically at one of its ends to the 
terminal 63, and at its other end to the longitudinally 
extending conductor 41, which, in turn is coniiected 
integrally to an outer transversely extending portion 72. 
A longitudinally extending portion 74 extends from the 
transversely extending portion 72 to a transversely ex- 
tending portion 76. Thus, the portions 41, 72 and 74 
comprise a U-shaped portion of the pattern. 

Similarly, a longitudinally extending portion 78 ex- 
tends between the transversely extending portion 76 
and another transversely extending portion 81, to com- 
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30 



35 



40 



45 



55 



60 



65 



plcte a U-shaped configuration, comprised of portions 
74, 76 and 78. A longitudinally extending portion 83 
extends between the transversely extending portion 81 
and another transversely extending portion 85 to cause 
the portions 78, 81 and 83 to assume a U-shaped config- . 
uraticn. 

A longitudinally extending portion 87 connects inte- 
grally the transversely extending portion 85 and a 
longer transversely extending portion 89, which con- 
nects integrally to a longitudinally extending portion 92 
disposed near the marginal edge thereof. A transversely 
extending portion 94 interconnects the conductor por- 
tion 92 and the longitudinally extending intermediate 
conductor portion 40. The portions 83, 85 and 87 also 
assume a U-shaped configuration. 

The conductor portion 40 interconnects the trans- 
versely extending portion 94 with another transversely 
extending portion 98. The portion 98 extends parallel to 
the portion 72, which in turn is disposed between the 
portion 98 and the transversely extending longer por- 
tion 89. 

A longitudinally extending portion 101 extends be-, 
tween the transverse portion 98 and a transversely ex- 
tending portion 103. The ponion 101 extends parallel to 
the portion 74, and the portion 103 extends parallel to 
the portion 76. A longitudinally extending portion 105 
connects the portion 103 and a transversely extending 
ponion 107, which, in turn, is disposed parallel to the 
portion 81. 

A longitudinally extending portion 109, is disposed 
parallel to the portion 83 and connects the portion 107 
and a transversely extending portion 112. The portion 
109 extends parallel to the pordon 83 and the ponion 
112 extends parallel to the portion 85. 

A longitudinally extending ponion 114 extends paral- 
lel to the portion 87, and interconnects the portion 112 
and a short transversely extending portion 116. A longi- 
tudinally extending portion 118 conaects the portion 
116 and a long transversely extending portion 121. The 
portion 118 is disposed near the left margin edge of the 
blank 34, and the portion 121 extends parallel to the 
bottom marginal edge thereof. 

The conductor 39 is longtudinally extending, and is 
connected between the long transversely extending 
portion 121 and a short transversely extending portion 
123. A longitudinally extending portion 124 extends 
parallel to the portion 101 and interconnects the portion 
123 and a transversely extending portion 126. Similarly, 
a longitudinal portion 128 connects the portion 126 and 
another transversely extending portion 131. 

A longitudinally extending portion 133 extends be- 
tween the portion 131 and a transversely extending 
portion 135. A longitudinally extending ponion 137 
interconnects the portion 135 and a short connecting 
portion 139, which terminates at the terminal 65. 

As shown in FIGS. 3 and 4, the blank 34 is folded 
longitudinally to form a series of pleats to form the 
projections P, as best seen in FIG. 3. In order to help 
rigidify the diaphragm 12, a pair of end strips or walls 
142 and 144 are secured to the ends of the folded blank 
34, by any suitable techniques, such as by heat sealing, 
of by the application of suitable adhesives or solvent. As 
shown in FIGS. 1 and 4, the backing sheet 32 is secured 
over the front surface 29 formed by the connecting 
portions 30 of the folded blank 34 to provide a smooth 
uninterrupted planar surface, and to add to the overall 
rigidity of the structure. 
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Referrmg now to FIG. 6. there is shown another spaced-apart inner conductors, such as the inner con- 
acoustic transducer 185, which includes a diaphragm ductors 217 and 218, are disposed opposite to, and in 
186, constructed in accordance with the present invcn- registration with, the respective outer conductors 215 
tion and adapted to be driven by a magnet assembly (not and 216. 

* f RIG construction to the magnet assembly 5 A Hat backing sheet 219 is secured to the remaining 

° TT, J- u • „ . ., portion of the diaphragm in a similar manner as the 

The diaphragm 186 is generally similar to the dia- backing sheet 32 is secured in place at the front portion 
phragm 12 of FIG. 1, and includes a senes of spaced- of the diaphragm 12. A series of pairs of giissets. such as 
apart, longitudinally extendmg projections in the form the gussete 221 and 221A are heat sealed together and 
of vanes of fins such as vanes 187 and 189. which are 10 are spaced apart along the vane 2U in a similar manner 
channel-shaped throughout their length and U-shaped as the gussets of the diaphragm 186 of FIG 6 except 
in cross-section. that the gussets do not extend to the upper web'portion 

A backing sheet 190 is secured by any suitable tech- as in the case of the w* portion 207 of the dtt.bhnan 
nique, such as by applying a suitable adhesive or by 186. 

sonically welding, and serves the same purpose as the 15 Referring now to FIG. 8, there is shown an acoustic 
backing sheet 32. A series of parallel spaced-apart de- transducer 225, which is constructed in accordance 
pending ndges, such as the ridge 191. depends into the with the present invention and which includes a dia- 
upper portions of the yancs. such as the vane 186. for phragm 225A driveii by a magnet assembly (not shown) 
helping to provide sideward stabihty thereof. The sheet similar to the magnet assembly 14 of FIO. 1 The dia- 
190 IS composed of a suitable foam niaterial. such as an 20 phiagm 22SA is generaUy simUar to the diaph^ 186. 
expanded polystyrene or an expanded polysulfone. The with the exception of the backing sheet therefor The 
foam sheet 190 is molded to conform cl(»dy to the diaphragm 22SA includes a serin of parallel spaced- 
outer configurations of the front portion of the folded apart U-shaped vanes, such as the vanes 222 and 223 
film diaphragm 186. Considering how the vane 222 in greater detail, it being 

Considering now the vane 187 in greater detaU. the 25 understood that the vane 223 being generally ^milar to 
other vanes are each similar to it and will not be de- it. A series of three outer current carrying Conductors 
scnbed in any greater deUiL A senes of three outer 224, 226 and 230 are deposited on the out« surface of 
voice coil conductors 192, 194 and 196 are deposited on the bottom portion of the vane 222 in a simUar m^er 
the outer surface of the vane 187 in a similar manner as as the outer conductors are attached to the vane 35 of 
the outer voice coil conductors are connected to the 30 FIO. 2. A series of three parallel spaced-apart inner 
„ P ,nf" i ,nt ° ""'f * inductors current carrying conductors 232, 233 and 237 are depos- 

198. 201 and 203 are deposited on the inner surface of ited on the inner surface of the bottom portion fo the 
the vane 187 oppostte the corresponding respective vane 222 opposite the respective outer condoctore. 
outer conductors , . . A backing member 239 is attached thereto in a similar 

In order to help ngidify and maintain stability and 35 manner as the backing member 32 is secured to the 
positiomng of the vane 187. a series of longitudinally- folded fitan blank of FIG. 1. The backing member 239 is 
apart gussets or corrugations, such as the gusset 205. iire compos«l of similar fihn material, and includes a series 
provided m the vane 187. In this regard, the gi»sets help of depending channels 240. wWch extend partially into 
maintan the longitudinal axis of the vane 187 in a sub- the inner interiors of the vanes, in a simil^ manner as 
'^^'tl^.'^^^'^^^^<>'^^^^ 40 the depending ridge 191 of the foam backmg member 

Of its backing sheet 219. Thus, the sideward stability of 190 extends into the interior space of the vL 187 of 
the vane 187 is enhanced. An integral web portion 207 FIG. 6. 

interconnects the vanw and is provided with a series of Rcfe^ng now to FIG. 9. there is shown an acoustic 
psMUd spaced-apart ndges or corrugations, such as transducer 242, which is constructed in accordance 

ndge or coniigatton 209 interconnecting the gusset 205 45 with the present invention, and which mcludes a dia- 
wrth a gusset 210 m (bt side of the vane 189. A gusset phragm 241 adapted to be driven by a magnet assembly 
211 in the opposite side of the vane 189 is complemen- (not shown) simUar to the magnet assembly 14 of FIG. 
]^ ^ " '^^'^ ^- "^^ diaphragm 241 is generally similar to the dia- 

rt^! «, L'^'"'^ ' ngid stnicture for the vane 189. A phragm 186 of HG. 6, except that the diaphragm 241 
!,?twt!?°" ? " ^ not include the gussets therein. The diaphragm 241 

^nmnZ^^JL^ .«usset 211. Thus, pairs of opposing includes a series of elongated parallel, s^^art, 
complementary mwardly extending gussets (e.g.. U-shapwl vanes, such as the van«i 243 and 2*4. 
■HKii!; '^^ f ©""ected together by heat sealing or an Considering now the vane 243, it being understood 
*fV!f.'^* }° join opposmg legs of the projections to that the vane 244 being simUar to it. the vane 243 in- 

■ " " of three^o-ter current cS^'cSTdu" 

i« V , • 249 arranged about the oulir periph- 

ttansducer 213. which is also constructed m accordance ery of the bottom portion of the vane 243. A series of 
«rl -Jif '!f ''"V° ^J»'ch has a diaphragm three imier conductors 250, 252 and 254 are spaced 

313A. The diaphragm 2MA is generally similar to the about the inner surface of the vane 243, opposite com- 

*^Hi-thIlll%i ,r^°' "^"^ "^^^ ^ '^"^^^ ""'^ °f voJoe conductors and in 

thediaphragm 213A is ngidified. registration therewith. 

The diaphragm 213A includes a series of parallel A foam backing sheet 258 is disposed in place in a 

spaced-apart elongated projections m the form of fins or manner similar to the foam backingdieet 190 A series • 

Tn^t^hT^ f Sru"** is channel-shaped of elongated depending ridgesS aTuie ridg«na 

T^£^ZlZf^""'^l^'^^'"^ f cross-section. 65 and 263, are disposed m the u^er portions of thfinte- 

t1;f™^ <f S ^J'^^ conductors, such as rior of the vanes, such as the corr^nding vanes 243 

the outer conductors 215 and 216, are arranged at the and 244. Thus, the ridges 261 and 2M serveX smw 

bottom poruon of the vane 214. A series of five parallel purpose as the chamielf of Ae dfaJS^A^ 
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While particular embodiments of the present inven- 
tion have been disclosed, it is to be understood that 
various different modifications are possible and are 
contemplated within the true spirit and scope of the 
appendant claims. For example, many different types 
and kinds of materials may be employed for the dia- 
phragm of the present invention. There is no intention, 
therefore, of limitations to the exact abstract or disclo- 
sure herein presented. 
. We claim: 

1. In an electro-acoustic transducer having a spaced- 
apart magnet means; a diaphragm comprising a folded 
sheet of film material having a front surface and having 
a . plurality of spaced-apart elongated projections ex- 
tending from the back side thereof and being channel- 
shaped throughout their lengths, each one of said pro- 
jections having conductor means disposed thereon and 
extending substantially in alignment with said magnet 
means to coact electromagnetically therewith; and a 20 
substantially flat, thin sheet secured in overiying rela- 
tionship with said front surface. 

2. In an electro-acoustic transducer, a diaphragm 
aiccording to claim 1, wherein each one of said projec- 
tions is generally U-shaped, has a bight portion inter- 25 
connecting a pair of leg portions, and has at least a 
portion of said conductor means disposed on said bight 
portions. 

3. In an electro-acoustic transducer, a diaphragm 
according to claim 2, wherein said conductor means ^ 
being deposited on said folded sheet and having second 
and third portions on said leg portions. 

4. In an electro-acoustic transducer, a diaphragm 
according to . claim 2, further including conductor 
means disposed on the inside surface of said channel- 
shaped surface. 

5. In. an electro-acoustic transducer, a diaphragm 
according to claim 2, wherein said flat, thin sheet is 
formed by a sheet of foam material having depending 
ridges extending partially into corresponding ones of 
said projections. 

6: In an electro-acoustic transducer, a diaphragm 
according to claim 1, wherein said front surface is 
formed by a series of substantially flat portions intercon- 
necting said projections and arranged generally in a 
common plane. 

7. In an , electro-acoustic transducer, a diaphragm 
according to claim 1, further including a pair of end 
walls nxed to opposite ends of said folded sheet. 50 
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8. In an electro-acoustic transducer, a diaphragm 
according to claim 7, further including a first pair of 
flexible connector strips connected to the side marginal 
edges of said folded sheet, and a second pair of connec- 
tor strips connected to and extending from said end 
walls, said connector strips having mounting blocks for 
securing said strips in place. 

9. An electro-acoustic transducer diaphragm for co- 
acting with a plurality of spaced-apart magnet means, 
comprising a folded sheet of film material having a front 
generally planar surface and having a plurality of 
spaced-apart elongated projections extending from the 
back side thereof and being channel-shaped throughout 
their lengths, each one of said projections having con- 
ductor means disposed thereon and extending substan- 
tially in alignment with and in registration with said 
magnet means to coact electromagnetically therewith; 
and a substantially flat, thin sheet secured in overlying 
relationship with said planar surface. 

10. An electro-acoustic transducer diaphragm ac- 
cording to claim 9, wherein said conductor means in- 
cludes a pair of first and second conductors extending 
on opposite sides of said film material and being con- 
nected electrically to one another. 

11. An electro-acoustic transducer diaphragm blank 
adapted to form an electro-acoustic diaphragm, com- 
prising a sheet of thin film material having a pair of first 
and second conductor means being electrically con- 
nected together in parallel and being deposited on op- 
posite sides of said sheet in an oppositely disposed con- 
fronting relationship and in registration therewith, said 
film material being composed of a high temperature 
thermoplastic material, said second conductor means 
being a like mirror image of said first conductor means, 
each one of said conductor means being arranged in a 
replicated Greek conductor pattern such that when the 
blank is formed into the diaphragm, a series of parallel 
spaced-apart channel-shaped projections are provided 
and each includes a bight portion interconnecting leg 
portions with conductor portions disposed on both the 
inside and the outside of both the leg and bight portions. 

12. ' An electro-acoustic transducer diaphragm blank 
according to claim 11, wherein said high temperature 
thermoplastic materia] anneals above a temperature of 
300* R 

13. An electro-acoustic transducer diaphragm ac- 
cording to claim 11, wherein said material is selected 
from one of the group consisting of polysulfone, poly- 
carbonates and polyimides. 

***** 
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